Introduction
============

Social anxiety is one of the most prevalent forms of anxiety, which can develop into social anxiety disorder ([@B15]). Individuals with social anxiety fear negative evaluation and persistently avoid social situations ([@B54]). This causes them to experience difficulty eating, communicating, and talking in public, and negatively impacts their social functioning ([@B53]; [@B59]). Research has shown that about 7% of adolescents are affected by social anxiety ([@B11]). Social anxiety reduces the academic ability of children and adolescents and places them at risk for insomnia, mood disorders, and problematic alcohol consumption in adulthood ([@B21]; [@B7], [@B6]). Therefore, the focus on cognitive processing in children and adolescents with social anxiety is of paramount importance.

Cognitive models of emotional disorders have been supported by numerous studies that have shown that attentional bias is related to social anxiety levels in children and adolescents ([@B45]; [@B48]; [@B26]; [@B19]), as well as in adults ([@B47]; [@B42]; [@B23]; [@B58]). For example, [@B52] examined eye movement in children and adolescents aged 8 -- 17 and identified that those with anxiety disorders had attentional bias to threat. [@B26] used the modified dot probe task with youngsters aged 9 -- 17, and reported that those with anxiety showed attentional bias to negative faces. Critically, attentional bias modification (ABM) has been proven effective in alleviating social anxiety among adolescents ([@B49]; [@B46]; [@B17]) and adults (see meta-analysis, [@B16]). For instance, [@B17] found that visual search ABM might be beneficial in relieving attentional bias to threat and social anxiety in adolescents aged 13 -- 16.

However, recent studies have failed to find significant correlation between attentional bias and the level of social anxiety in children, adolescents, and adults with clinical and subclinical anxiety ([@B4]; [@B25]; [@B5]). Others report that there is no definitive evidence that ABM reduces social anxiety in adolescents ([@B3]; [@B20]; [@B44]) and adults ([@B39]; [@B9]; [@B29]). Thus, the relationship between social anxiety and attentional bias remains unclear.

To resolve these contradicting findings, some studies proposed that gender differences may play a role. Previous studies have included male and female subjects, but the relationship between attentional bias and social anxiety may be different for males and females. Evidence has supported there is significant gender difference in attentional bias to threat among individuals with anxiety, including high trait anxiety, general anxiety, and social anxiety ([@B40]; [@B55]; [@B57]; [@B31]). For example, in a study involving 82 adolescents, [@B60] found significant positive correlation between the level of social anxiety and attentional bias to social threat for males, but not for females. This may be due to the different brain structure and emotional cognitive processing of men and women ([@B60]; [@B31]).

No previous study has attempted to explore the gender differences in the subcomponents of attentional bias to threat among individuals with HSA (high social anxiety). Prominent models of the attentional system suggest that attentional bias is a multifaceted construct, including at least three core components: hypervigilance, difficulty disengagement (DD), and avoidance (see review, [@B12]). However, most of studies treat attentional bias as a unitary construct as specified below. Although some suggest that hypervigilance is related to social anxiety ([@B32]; [@B36]), more amount of evidence argues that DD is the key factor contributing to social anxiety ([@B1]; [@B8]; [@B27]; [@B51]; [@B28]; [@B56]). A recent meta-analysis showed that DD from threat is closely related to the evocation and maintenance of social anxiety, while it is not so for hypervigilance ([@B2]).

In summary, the existence of gender differences in attentional bias to threat among individuals with social anxiety means that at least one subcomponent of attentional bias is responsible for this phenomenon. Based on substantial evidence of the close relationship between DD from threat and social anxiety, we assume that individuals with HSA show gender differences in DD from threat but not in hypervigilance. Based on [@B60] research, we hypothesize that males with HSA may have DD from threat, while females may not.

To test this hypothesis, we recruited 181 children and adolescents aged between 10 and 14 as participants. Images of disgusted faces were selected as the social threat stimuli, as they are considered to be a great threat to individuals with social anxiety and are often used by others ([@B29]). We used the Social Anxiety Scale for Children (SASC, [@B34]) to measure the level of social anxiety, and an Exogenous Cueing Task (ECT, [@B24]) to measure the DD from threat and hypervigilance. Children and adolescents are at the stage wherein rapid and important cognitive and social-emotional developments take place ([@B10]; [@B18]). These developments may impact our results; hence, we added age as covariant in the data analysis.

Materials and Methods {#s1}
=====================

Participants
------------

We used GPower 3.1 to compute the sample size and the number was 160 ([@B22], statistical test: repeated measures ANOVA, within - between interaction; settings: power = 0.95; error prob = 0.05; effect size = 0.15; number of groups = 4; number of measurement = 3). Then a total of 213 students were recruited through posted advertisements and campus radio from a primary school and a middle school in Gansu Province, China. Among them, 181 participates submitted valid questionnaires and participated in the follow-up study. All participants were right-handed, aged between 10 and 14, without color blindness, and without neurological problems or history of psychological treatment.

Measures
--------

### Social Anxiety Scale for Children

Social anxiety was measured using SASC ([@B34]). The scale contains 10 items and uses a 3-point Likert scale (0 = never, 1 = sometimes, 2 = always). Scale scores range from 0 to 20, with higher scores corresponding to greater social anxiety. SASC consists of two dimensions: fear of negative evaluation (items 1, 2, 5, 6, 8, and 10) and social avoidance and distress (items 3, 4, 7, and 9). The Chinese version of SASC had good reliability and validity (α = 0.790, [@B35]). In the current study, SASC was shown to have good reliability (overall, α = 0.735; fear of negative evaluation, α = 0.697; social avoidance and distress, α = 0.752).

### Exogenous Cueing Task

This study employed the ECT used in [@B61] research. Participants started the task by pressing "Q" on the keyboard after reading and understanding the instructions. First, a fixation ("+") was presented in the center of the computer screen. Then, a blank with two gray rectangles were shown to the right and left side of the fixation point. Next, the cue (emotional stimulus; e.g., happy face as in **Figure [1](#F1){ref-type="fig"}**) was presented in the left or right rectangle randomly (the other square remaining gray). The previous blank was shown again. Next, a target stimulus (either Pleasant Goat or Gray Wolf) was presented at either the location of the previous gray square (invalid position) or the cue (valid position) until the participant responded. Participants were asked to click the left mouse button (when the target stimulus was Pleasant Goat) or the right mouse button (when the target stimulus was Gray Wolf) in response to the target stimuli type. If the response was correct, a smiling face appeared and the feedback screen read "Awesome"; if not, a sad face appeared and the feedback screen read "Go for it." Then, the next trial began. Fixation, blank, cue target stimulus and feedback were presented for 500ms. **Figure [1](#F1){ref-type="fig"}** shows a sample trial.

![**A trial timeline of the Exogenous Cueing Task**.](fpsyg-08-00419-g001){#F1}

The faces with a happy, neutral, or disgust emotional expression were selected from the Chinese Affective Picture System. The proportion of male and female faces was equally distributed. The faces with different emotions did not significantly differ on an intensity dimension using a scale from 1 (lowest) -- 9 (highest), *F*(2,23) = 0.700, *p* = 0.508, η^2^ = 0.062. Pleasant Goat and Gray Wolf are popular cartoons among children and adolescents in China. A 1 - 7 score (from unpleasant to pleasant) from 20 adolescents showed no significant difference in their emotional valence; *T* = -0.176, *p* = 0.861.

The practice stage involved 12 trials using neutral face cues. Participants' accuracy was required to be higher than 90% before they began the formal experiment. Each participant had three chances to complete the practice stage. The experiment involved a total of 96 trials (2 Positions × 2 Goat or Wolf presentations × 3 cue types × 8 repetitions). The trials were randomly assigned to one of four 24-trial blocks. Participants were able to take a break between blocks and then resume the experiment by pressing "Q." The task lasted about 15 min. A 17 cm display device with a screen resolution of 1366 × 768 and a refresh rate of 85 Hz was used to present the stimuli. Participants were placed approximately 60 cm from the screen.

If a participant's reaction time (RT) to neutral cues was shorter than the RT for emotional cues (happy and disgusted), in response to a target stimulus in the invalid position, the participant was considered to display difficulty in disengaging from emotional cues. If a participant's RT to neutral cues was longer than the RT for emotional cues, in response to a target stimulus in the valid position, the participant was considered to display hypervigilance for emotional cues ([@B24]).

Procedure
---------

The Beijing Normal University Ethics Committee approved all stages of this study. All participants provided written informed consent from themselves and their parents or legal guardians. Afterward, the participants were guided into the behavioral psychology laboratory where they completed the SASC using paper and a pencil, and then the modified ECT. The entire procedure lasted a maximum of 30 min.

Results
=======

Data Reduction
--------------

Thirteen participants were eliminated from the data analysis for the following reasons: (a) three failed to reach an accuracy of 90%; (b) three had trials for which RTs lesser than 200 ms or more than 2000 ms accounted for more than 30% of the total trials; (c) two quit the experimental task because they failed to pass the practice stage; (d) two missed the experiment because of time conflicts; (e) three quit the ECT. The final sample size was 168 participants out of the 181, with a loss rate of 7.18%. The accuracy of responses for all participants was higher than 90%. We excluded error responses and outlier trials (RT \> 2000 ms or \< 200 ms) for RT data analysis ([@B61]).

Data Analysis
-------------

Data were processed using SPSS 19.0 (IBM Corporation, Armonk, NY, USA). Firstly, the independent sample *T*-test was performed to describe the differences in age, years of education, and social anxiety between males and females. Secondly, the normality tests and homogeneity of variance tests of RT showed that the data was suitable for analysis of variance. Finally, we used a median split at social anxiety score = 7 to define a LSA (low social anxiety, *N* = 92, range 0--7) and HSA group (*N* = 76, range 8--18, [@B38]). Then, a Group (LSA and HSA) × Gender (male and female) × Cue Type (happy, disgusted, neutral) ANOVA on the RT was examined for the valid position (to assess hypervigilance) and invalid position (to assess disengagement) separately^[1](#fn01){ref-type="fn"}^.

Repeated Measures ANOVA for RT
------------------------------

All RTs in each condition are shown in **Table [1](#T1){ref-type="table"}**. The Group × Gender × Cue Type ANOVA on the RT for valid position showed no significant interaction and main effect (*F* \< 2.830, *p* \> 0.060, η^2^\< 0.037). It revealed that participants had no hypervigilance to threat irrespective of social anxiety and gender. Then this three-term interaction on the RT for invalid position showed a significant interaction between Group and Gender, *F*(1,164) = 4.267, *p* = 0.040, η^2^ = 0.025. There was no other significant main effect or interactions (*F* \< 2.965, *p* \> 0.087, η^2^\< 0.018). To further examine gender differences in DD, we conducted the Group × Cue Type ANOVA for males and females separately. Males and females in the current study did not differ in age, years of education, and social anxiety (see **Table [2](#T2){ref-type="table"}**). For females, the main effect of Group was not significant, *F*(1,74) = 1.724, *p* = 0.193, η^2^ = 0.023, and the main effect of Cue Type was also not significant, *F*(2,148) = 0.386, *p* = 0.680, η^2^ = 0.005. The interaction was not significant as well, *F*(2,148) = 0.126, *p* = 0.882, η^2^ = 0.002. This revealed that female participants have not shown difficulty disengaging from threat. For males, the main effect of Group was not significant, *F*(1,90) = 2.661, *p* = 0.106, η^2^ = 0.029 and the main effect of Cue Type was also not significant, *F*(2,148) = 0.386, *p* = 0.680, η^2^ = 0.005. However, the interaction was significant, *F*(2,180) = 4.444, *p* = 0.013, η^2^ = 0.047. Simple effect analyses revealed that participants with LSA showed no differences in RT for cue types, *F*(1,90) = 2.180, *p* = 0.119, η^2^ = 0.047, while participants with HSA showed significant difference, *F*(1,90) = 2.180, *p* = 0.119, η^2^ = 0.047. Further *post hoc* tests showed that, relative to the neutral faces (*M* = 799 ms), participants with HSA responded significantly slower to disgusted faces (*M* = 863 ms, *p* = 0.033) than to happy faces (*M* = 798 ms, *p* = 0.915, see **Figure [2](#F2){ref-type="fig"}**). This revealed that male participants with HSA showed difficulty disengaging from threat, while this was not the case for participants with LSA.

###### 

Reaction time (RT) performance in Exogenous Cueing Task (*n* = 168).

                              Valid   Invalid                                                         
  -------- ------------------ ------- --------- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
  Male     LSA (*n* = 53)     869     162       838   181   873   195   901   205   855   180   875   202
           HSA (*n* = 39)     838     170       808   179   870   209   798   196   863   188   799   158
           Total (*n* = 92)   856     166       825   180   872   199   857   207   858   182   843   206
  Female   LSA (*n* = 39)     845     146       830   175   853   201   844   177   838   169   827   177
           HSA (*n* = 37)     891     168       871   154   876   141   879   212   894   193   872   145
           Total (*n* = 76)   867     158       850   165   864   173   861   195   865   182   849   163

###### 

Gender differences in ages, education years and social anxiety.

                    Total (*n* = 168)   Male (*n* = 92)   Female (*n* = 76)   *t*    *p*                     
  ----------------- ------------------- ----------------- ------------------- ------ ------- ------ -------- -------
  Ages              11.98               1.38              11.97               1.46   12.00   1.27   -0.153   0.878
  Education years   5.06                0.85              5.01                0.85   5.13    0.85   -0.910   0.364
  Social anxiety    7.09                3.59              7.15                3.58   7.07    3.63   0.145    0.885

![**Mean RTs on invalid position (difficulty in disengaging) during the ECT for participants with HSA**.](fpsyg-08-00419-g002){#F2}

Meanwhile, we added age as a covariate in all of the above ANOVA analyses. The results of the three-term ANOVA showed that the main effects of age are significant, *F*(1,163) = 20.356, *p* \< 0.001, η^2^ = 0.111), and the response of older subjects was significantly faster than that of younger subjects. However, no interaction between age and the variables was found (*F* \< 1). Similar results were found in the Group × Cue Type ANOVA for males and females separately^[2](#fn02){ref-type="fn"}^.

Discussion
==========

In the current study we investigated the gender differences in the subcomponents of attentional bias to threat among children and adolescents with social anxiety, using the exogenous cueing task. We found that participants with HSA had no significant attentional bias to threat. The further data analysis showed that male participants with HSA showed difficulty in disengaging from social threat, while the same was not true of female participants. There was no obviously attentional bias among participants with LSA. No significant attentional bias to happy faces was found in overall participants.

Firstly, our study failed to find hypervigilance and DD among participants with HSA. This is inconsistent with the previous studies. Hypervigilance and DD are the two core components of early attentional bias. Some researchers found that individuals with HSA are hypervigilant to threat, and others believe that they have DD from threat ([@B28]). This may be because the participants are subclinical and exhibit insensitivity to the measurement. However, this result does not take gender differences into account.

Secondly, consistent with our hypothesis, when the data were processed separately for males and females, the results indicated that males with HSA showed DD from threat, while females did not. This supports the findings of [@B60]. They found that there was a gender difference in the relationship between attentional bias and social anxiety, and we further showed that this is due to the gender difference in DD from threat. Several studies have supported the fact that there are significant gender differences in the relationship between attentional bias and emotional processing ([@B40]; [@B55]; [@B57]; [@B31]), but they do not focus on the relationship between social anxiety and a subcomponent of attentional bias to threat. Our results provide further evidences for gender differences in attentional bias among socially anxious individuals.

Finally, these findings suggest that social anxiety is more related with attentional bias to threat among male children and adolescents than females. Several studies have found that men display a larger physiological response to threat than women (see review; [@B33]). This implies that men are more likely to experience anxiety compared to women when facing social threats. Our study supports this point. Moreover, there is self-reporting evidence that women tend to avoid or distract themselves from threat situations more than men (see review; [@B43]). This avoidance strategy may contribute to experience less anxiety. But some studies found that avoidance and safety behaviors are not always beneficial and may lead to more anxiety ([@B50]; [@B13]). The effects of avoidance on anxiety need further exploring.

The present study has some limitations. First, the sample was of a limited age range (10--14 years old) and from the general population, which limits the generalization from extending to clinical samples with social anxiety and to other age groups. Second, we employed behavioral experiments, but did not examine eye movements or use brain imaging technology; these methodologies could be employed in future studies. Moreover, the relationship between cognitive bias and social anxiety is complex. It could be influenced by multiple factors, such as individual differences among participants, involvement of distinct visuals, and present time of stimuli ([@B30]; [@B14]; [@B37]). Future research could examine gender differences in the relationship between attentional bias and social anxiety employing variously threatening stimuli (such as words and videos) at both short and long stimulus durations.

Conclusion
==========

Attention selection system is becoming a hot topic, which has a close relationship with dysfunctional cognitive and emotional processing ([@B41]). We found that male adolescents with HSA showed DD from threat, while the same was not true for females. This indicated that the attentional bias of children and adolescents with social anxiety may be affected by gender differences. Therefore, we should develop gender-specific treatments for social anxiety, especially in children and adolescents who have high prevalence of social anxiety. For example, focusing on improving disengagement from threat in men with social anxiety may improve the treatment response rates.
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The Group × Gender × Cue Type × Position ANOVA on the RT was conducted in the first. The four-term interaction was not significant, *F*(2,328) = 1.174, *p* = 0.311, η^2^ = 0.007. The interaction between Group and Gender was significant, *F*(1,164) = 3.294, *p* = 0.051, η^2^ = 0.032, as well as the Cue Type × Position interaction, *F*(2,328) = 3.371, *p* = 0.036, η^2^ = 0.020. Then the three-term ANOVA was examined for the valid position (to assess hypervigilance) and invalid position (to assess disengagement) separately.

The interaction between Age and Cue Type was not significant, for males: *F* \< 1; for female: *F*(2,146) = 1.015, *p* = 0.365, η^2^ = 0.014. The main effect of age was significant, for males: *F*(1,89) = 9.022, *p* = 0.003, η^2^ = 0.092; for female: *F*(1,73) = 12.249, *p* = 0.001, η^2^ = 0.144.
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